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ABSTRACT 

A labora tory  s c a l e  fixed-bed c o a l  g a s i f i c a t i o n  r e a c t o r  w a s  b u i l t  wi th  t h e  
o b j e c t i v e  of ob ta in ing  d e t a i l e d  temperature  p r o f i l e s  i n s i d e  t h e  bed dur ing  t h e  
g a s i f i c a t i o n  process .  
fixed-bed g a s i f i c a t i o n  and i n  t h e  es t imat ion  of s u i t a b l e  parameters  f o r  use  wi th  
proposed models. This  a r t i c l e  descr ibes  t h e  experimental  s e t u p  and presents  t h e  
results of a run  using Wyoming c o a l .  
s imula t ion  r e s u l t s  ob ta ined  us ing  a d e t a i l e d  two-dimensional model of  t h e  g a s i f i e r .  

Such d a t a  are needed i n  v a l i d a t i n g  proposed models f o r  

The experimental  d a t a  are compared wi th  

1. INTRODUCTION 

Fixed-bed coa l  g a s i f i c a t i o n  i s  a commercially used technology f o r  r e a c t i n g  
coa l  wi th  steam and oxygen t o  produce u s e f u l  gases  such a s  CH4, CO, and H2. 
Considerable  work has  been done l a t e l y  on modeling of  t h e  fixed-bed g a s i f i e r .  A 
r a t h e r  d e t a i l e d  model w a s  p resented  by Yoon et a l .  (1). Fur ther  improvements on 
t h i s  model have been made by Cho and Joseph (2)  and K i m  and Joseph (3) .  It has  
been d i f f i c u l t  t o  e s t a b l i s h  t h e  v a l i d i t y  of t h e s e  models f u l l y  because of t h e  
l a c k  of  s u f f i c i e n t  o p e r a t i o n a l  d a t a  on commercial s c a l e  g a s i f i e r s .  The research  
presented here  was undertaken t o  remedy t h i s  s i t u a t i o n  by developing an exper i -  
mental procedure f o r  genera t ing  d a t a  which can be used d i r e c t l y  i n  t h e  v e r i f i -  
c a t i o n  of proposed models and t o  determine parameters  t h a t  are requi red  i n  t h e  
model. The paper c o n t a i n s  a d e t a i l e d  d e s c r i p t i o n  of t h e  appara tus  used, t h e  
experimental  procedure and s e l e c t e d  r e s u l t s  on g a s i f i c a t i o n  of Wyoming c o a l .  
paper a l s o  inc ludes  a b r i e f  ske tch  of t h e  modeling e f f o r t  and a comparison between 
the  experimental  d a t a  and model p r e d i c t i o n s .  

The 

2. DESCRIPTION OF EXPERIMENTAL SETUP 

In  a commercial s c a l e  fixed-bed g a s i f i e r ,  c o a l  i s  fed  cont inuously a t  t h e  
top  a t  a slow r a t e  whi le  steam and oxygen ( o r  a i r )  i s  fed a t  t h e  bottom. The 
c o a l  undergoes dry ing  and d e v o l a t i l i z a t i o n  a t  t h e  top  o f  t h e  g a s i f i e r  and char  
descends slowly through t h e  r e a c t o r .  Because t h e  char-bed is moving s lowly i t  
i s  termed a s  a fixed-bed r e a c t o r .  For t h e  purposes of  t h i s  r e s e a r c h  i t  w a s  
decided t h a t  t h e  runs w i l l  be conducted on a bed of char  which i s  s t a t i o n a r y .  
Hence i t  approximates t h e  commercial process  wi th  t h e  coa l  feed c u t  o f f .  The 
r e s u l t i n g  t r a n s i e n t  d a t a  ( s i n c e  we w i l l  have a r e a c t i o n  f r o n t  moving through t h e  
char  bed) i s  then  used f o r  v a l i d a t i n g  models of g a s i f i e r s .  

Figure 1 shows t h e  schematic  of t h e  experimental  se tup .  The major p ieces  
of equipment are a steam genera tor ,  feed  prehea ter ,  t h e  t u b u l a r  r e a c t o r ,  a 
condenser f o r  removing t a r s  and water ,  gas  chromatograph f o r  product gas a n a l y s i s  
and a d a t a  a c q u i s i t i o n  system f o r  monitor ing t h e  temperature .  

The g a s i f i c a t i o n  v e s s e l  is a 4 i n .  diameter ,  4 f t .  l o n g  c y l i n d r i c a l  
s t a i n l e s s  steel tube i n s u l a t e d  with r e f r a c t o r y  and surrounded by a 6 inch  
diameter  s t a i n l e s s  s teel  tube.  
high as 1200°C. 

The v e s s e l  can be opera ted  at temperatures  a s  
This  r e a c t o r  i s  packed with d e v o l a t i l i z e d  c o a l .  The 
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d e v o l a t i l i z a t i o n  i s  c a r r i e d  o u t  s e p a r a t e l y  i n  another  furnace  in a n i t rogen  
atmosphere a t  a temperature  o f  approximately 800°C u n t i l  no f u r t h e r  weight l o s s  
occurs .  
run r e q u i r e s  approximately 4 kg of coa l .  

The c o a l  used i s  i n  t h e  s i z e  range 8 - 20 mesh (2.3 - .833 nun). Each 
A s u p e r f i c i a l  gas  v e l o c i t y  of approximate- { 

\ l y  1 f t / s e c  is used i n  t h e  g a s i f i e r .  

Figure 2 shows a d e t a i l  of t h e  g a s i f i c a t i o n  r e a c t o r .  The r e a c t o r  i s  designed 
t o  o p e r a t e  c l o s e  t o  a tmospheric  pressure .  
f r a c t o r y  l i n i n g  around t h e  r e a c t o r  tube and by ceramic beads a t  both ends of the  
tube. 
reac t ion .  I n i t i a l l y  t h e  i n s i d e  l i n e r  of t h e  g a s i f i e r  w a s  cons t ruc ted  wi th  
ceramic b u t  i t  cracked r e p e a t e d l y  due t o  thermal  shock. 

Heat l o s s e s  are minimized by a re- 

An i g n i t i o n  c o i l  at t h e  top  of  t h e  bed is used t o  start t h e  combustion 

The product  gases  a r e  s e n t  through a condenser and l i q u i d  s e p a r a t o r  t o  
remove water, t a r  and ash .  The remaining gases  are f l a r e d .  A sample i s  s e n t  
through t h e  GC f o r  a n a l y s i s  every 15  minutes. 

Temperature p r o f i l e s  i n  t h e  bed a r e  measured by means of  two thermowells 
i n s e r t e d  a x i a l l y  a t  r = 0 and r =.36 c m .  Type K (chromel/alumel) thermocouples 
were used. The thermocouple l o c a t i o n s  are sho-wn in Figure  2 .  The d a t a  from 
t h e  thermocouples was c o l l e c t e d  by means of a n  LSI/11 microcomputer and s tored  
on t a p e .  
is  analyzed f u r t h e r .  

This data  w a s  then  t r a n s m i t t e d  t o  a DEC-20 mainframe where t h e  d a t a  

3 .  EXPERIMENTAL RESULTS 

Two s u c c e s s f u l  r u n s  were made us ing  char  generated from Wyoming coa l .  
The r e s u l t s  of  t h e  second run are repor ted  here .  The c o a l  a n a l y s i s  i s  given i n  
Table 1. The opera t ing  c o n d i t i o n s  of  t h e  g a s i f i e r  a r e  repor ted  i n  Table  2. Note 
t h a t  t h e  a i r  f low had t o  be  decreased a f t e r  45 minutes  t o  maintain t h e  maximum 
temperatures  below 1200°C. 
a n a l y s i s  of t h e  m a t e r i a l  remaining i n  t h e  g a s i f i e r  i n d i c a t e d  some unconverted 
carbon ( s e e  Table  2 ) .  
co l lapsed .  

The r u n  w a s  terminated a f t e r  50 minutes. An 

The bed l e n g t h  w a s  on ly  1 2  c m  i n d i c a t i n g  t h a t  t h e  a s h  

The r e s u l t s  of t h e  run a r e  shown i n  F igures  3 ,  4 and 5 .  Figure 3 shows 
the  temperature  p r o f i l e s  of t h e  i n n e r  thermocouples. Note t h a t  a f t e r  t h e  
temperature  has reached a peak, t h e  thermocouple is s i t t i n g  i n  a bed of  ash  
and the  drop i n  te rmpera ture  i s  caused by h e a t  l o s s  from t h e  bed t o  t h e  w a l l s  
and the  gases .  
decreases  a s  t h e  bed i s  r e a c t e d .  
t h e  p r o f i l e  i n  t h e  a x i a l  d i r e c t i o n  towards t h e  end of  t h e  run.  

The peak tempera tures  a r e  around 1200°C and t h e  peak va lue  
Also t h e r e  i s  a cons iderable  spreading  of 

I 

Figure 4 shows t h e  temperature  p r o f i l e s  of t h e  o u t e r  thermocouples. These 
temperatures  are notab ly  lower t h a n  t h e  i n n e r  ones. 
s i n c e  t h e  w a l l  a c t s  a s  a hea t  s i n k  lowering t h e  temperatures  c l o s e  t o  t h e  
w a l l .  Also t h e  spreading  of t h e  temperatures  i n  t h e  a x i a l  d i r e c t i o n  i s  seen 
i n  t h i s  set of  p r o f i l e s  a l s o .  

This  is not  s u r p r i s i n g  T 

f 

Figure 5 shows t h e  product  gas  composition as a func t ion  of t i m e .  A f t e r  
t h e  i n i t i a l  t r a n s i e n t  t h e  composi t ion a t t a i n s  near ly  cons tan t  va lues .  
is some oxygen bypassing i n  t h e  g a s i f i e r .  
caused by e r r o r s  i n  a n a l y s i s .  
chromatograph, hydrogen a n a l y s i s  had a l a r g e  c o r r e c t i o n  f a c t o r  and hence has  
g r e a t e r  e r r o r  than the  o t h e r  g a s e s .  
ba lance  around t h e  system confinned t h i s .  

There 
The f l u c t u a t i o n s  are probably 

Due t o  t h e  use  of helium a s  t h e  c a r r i e r  gas  i n  the  gas I 

Attempts on c l o s i n g  a hydrogen mass 
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Whether or  not t h e  oxygen bypassing occured through t h e  bed o r  t h e  i n s u l a t e d  
w a l l  is d i f f i c u l t  t o  determine.  
decreases  and hence t h e  a s s o c i a t e d  pressure  drop through t h e  bed a l s o  decreases .  
This might have cont r ibu ted  t o  decreased bypassing of t h e  oxygen. 

A s  t h e  r e a c t i o n  progresses ,  t h e  bed l e n g t h  

4 .  COMPARISON WITH SIMULATION RESULTS 

In p a r a l l e l  with t h i s  experimental  i n v e s t i g a t i o n ,  a modeling s tudy  w a s  
conducted with two o b j e c t i v e s .  The f i r s t  w a s  t o  be a b l e  t o  s tudy t h e  behavior  
of l a r g e  s c a l e  fixed-bed g a s i f i e r s  such as t h e  Lurgi-type. The second was t o  be  
a b l e  t o  v a l i d a t e  t h e  model us ing  t h e  r e s u l t s  from t h e  l a b o r a t o r y  s c a l e  g a s i f i e r .  
The d e t a i l s  of t h e  model w a s  publ ished elsewhere (Joseph, e t  a l . ,  1983). A b r i e f  
summary i s  given here .  

I n  a t y p i c a l  commercial s c a l e  g a s i f i e r  t h e  c o a l  is moving a t  a much smaller  
v e l o c i t y  than t h e  gases .  
zones, one f o r  drying and d e v o l a t i l i z a t i o n  and another  f o r  combustion and 
g a s i f i c a t i o n .  The f i r s t  zone i s  r e l a t i v e l y  narrow and can be  assumed t o  t a k e  
place ins tan taneous ly  f o r  p r a c t i c a l  purposes. It i s  t h e  second zone t h a t  
determines t h e  opera t ing  c h a r a c t e r i s t i c s  of t h e  g a s i f i e r .  I n  t h i s  zone, c h a r  
descends slowly reaching with t h e  gases  r i s i n g  from t h e  combustion zone. This  
w a s  t h e  reason f o r  us ing  char  ins tead  of coa l  i n  t h e  experimental  s t u d i e s .  The 
main r e a c t i o n s  i n  t h i s  zone are char-oxygen, char-steam, char-carbon dioxide 
and t h e  water-gas s h i f t  r e a c t i o n .  In  a d d i t i o n  t o  t h e s e  r e a c t i o n  k i n e t i c s ,  t h e  
h e a t  and mass t r a n s f e r  i n  both  a x i a l  and r a d i a l  d i r e c t i o n s  p lay  a s i g n i f i c a n t  
r o l e .  

A s  a r e s u l t ,  t h e  g a s i f i e r  can  be divided i n t o  two 

A number of assumptions a r e  r e q u i r e d  t o  develop a model t h a t  i s  both  
mathematical ly  and computat ional ly  t r a c t a b l e .  Some major assumptions inc lude  
a shr inking-core model f o r  gas-so l id  k i n e t i c s ,  no a x i a l  d i s p e r s i o n  of h e a t  and 
a homogeneous gas-sol id  temperature  i n  t h e  bed. The equat ions  r e s u l t i n g  from 
t h e  mass and energy ba lances  a r e  so lved  numerical ly  using s u i t a b l e  i n t e g r a t i o n  
methods. The i n t e r e s t e d  reader  is r e f e r r e d  t o  Joseph et a l .  ( 4 ) .  

Figures  6 and 7 show a comparison of temperatures  pred ic ted  by the model 
and those  experimental ly  cbserved.  The agreement between t h e  two dur ing  t h e  
e a r l y  p a r t  of  the  run  i s  good. However t h e  temperature  p r o f i l e s  p r e d i c t e d  by 
t h e  model tend to  be r a t h e r  uniform wi th  r e s p e c t  t o  t i m e  whereas t h e  experi-  
mental p r o f i l e s  e x h i b i t  a marked decrease  i n  t h e  peak va lue  and a spreading of 
t h e  p r o f i l e  i n  t h e  a x i a l  d i r e c t i o n .  

S imi la r  t rends  were observed i n  another  run as repor ted  i n  Salam (5).  
This  spreading of t h e  temperature  p r o f i l e  could have been caused by a number 
of  reasons.  Sources of modeling e r r o r s  inc lude  ( i )  a x i a l  d i s p e r s i o n  of h e a t  
( i i )  thermal s t o r a g e  and conduct iv i ty  of  t h e  thermowells ( i i i )  r e d u c t i o n  i n  
bed l e n g t h  caused by c o l l a p s i n g  ash  l a y e r  ( i v )  e f f e c t  of h e a t  t r a n s f e r  by 
r a d i a t i o n  t o  t h e  w a l l s  and (v) e f f e c t  of  channel ing and bypassing of oxygen through 
t h e  bed. 

5. CONCLUSIONS 

This paper presented t h e  r e s u l t s  of  a char  g a s i f i c a t i o n  run  using Wyoming 
coa l  i n  a fixed-bed l a b o r a t o r y  g a s i f i e r .  The temperature  p r o f i l e s  i n  t h e  bed 
a t  var ious  a x i a l  and r a d i a l  p o s i t i o n s  are presented a s  a f u n c t i o n  of t i m e .  The 
r e s u l t s  are usefu l  i n  v a l i d a t i n g  proposed models f o r  fixed-bed g a s i f i e r s .  
Comparison wi th  one such model i n d i c a t e s  t h a t  t h e  model is capable  of  p r e d i c t i n g  
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t h e  i n i t i a l  temperature  p r o f i l e s  reasonably w e l l ,  b u t  r e q u i r e s  f u r t h e r  r e f i n e -  
ment t o  b e  a b l e  t o  e x p l a i n  some f l a t t e n i n g  t r e n d s  i n  t h e  temperatures .  Current 
research  i s  focused on t r y i n g  t o  update the model i n  order  t o  expla in  t h e  ex- 
per imental  observa t ions .  
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Coal Analysis 

Mine. . . .  
Town. . . .  
County. . .  
S ta te  . . .  
Abbreviated 
Sample Date 
Bin 4 . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  
ID. . . . .  . . . . . .  . . . . . .  

Wyodak 
Campbell 
Campbell 
Wyoming 
wyo 1 
7-15-78 
3500 

Proximate Rnalysis:  
As Received 

Moisture . . . . . . . . . . .  31.87 
V o l a t i l e  Matter.  . . . . . . .  32.46 
Fixed Carbon . . . . . . . . .  30.16 
Ash. . . . . . . . . . . . . .  5.51 
Heat ing Value (B tu / l b )  . . . .  7978 

U l t i m a t e  Analysis:  
Mo is tu re - f ree  

Ash. . . . . . . . . . . . . .  8 . 0 9  

Moisture- and Ash-free 

Hydrogen . . . . . . . . . . .  5.75 
Carbon . . . . . . . . . . . .  74.05 
N i t rogen  . . . . . . . . . . .  1.39 
Su l fu r  . . . . . . . . . . . .  0.53 
Oxygen (by d i f f )  . . . . . . .  18.28 

H/C Rat io.  . . . . . . . . . .  0.93 
Heat ing Value W,F ( E t u l l b )  . . 12.742 

i 

Tab le  1. A n a l y s i s  o f  Coal Used i n  t h e  G a s i f i c a t i o n  R u n s  

Char Loaded: 
Char Compo?lition: 

Time 0-45 min. 

INLET 

O r n T  

Time 45-580 

I N U T  

O r n T  

k r e a c t e d  Carbon: 
Reactor Pressure: 
Original Bed Length: 
Plnal Bed Length: 

3645.7 W devolatiiired Uyodae char 
83.56% Carbon 
11.97% Ash 
2.33% Oxygen 
1.022 ~~d~~~~~ > bfSture  included 
0.62% Nitrogen 
0.50% Sulfur 

Product Gas Plovrate: 2.055 m3fb.* 

Total Condensate: o m  

Product Cas Flowrate: 2.022 &/hr* 
Total Condensate: 382.2 gmr 

697.8 - 
85.7 cm 

* ac 25.C. 0.1013 P(Pa 0.1910 ma 

a p p = o x h t , e l y  12.0 cm 

Tab le  2 .  Summary o f  O p e r a t i n g  C o n d i t i o n s  f o r  G a s i f i c a t i o n  Run 8072483 
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